Experimental work has shown that even small reductions in myocardial perfusion impair contractile performance. We, therefore, studied the relationship between regional perfusion, assessed by thallium-201 scintigraphy and segmental wall motion, quantitated on biplane contrast ventriculograms, in patients with coronary artery disease. We evaluated 270 segments in 54 patients, including 27 without evidence of myocardial infarction. Most normally perfused regions (125 of 140) contracted normally, whereas those with scintigraphic defects at rest were usually asynergic (42 of 46). Surprisingly, 57% (48 of 84) of regions with exercise-induced perfusion defects were also asynergic, including 48% (25 of 52) of those in patients without myocardial infarction. In 22 patients who had intervention ventriculograms, improvement of perfusion abnormalities at rest correlated closely with reversibility of asynergy. Although there was an association between the location and severity of coronary artery stenosis and segmental wall motion, myocardial perfusion during exercise was a significantly better predictor of asynergy.
ASYNERGY, as defined by the presence of localized abnormalities of left ventricular contraction, is a distinguishing characteristic of coronary artery disease. 13 Segmental wall motion disorders often result from myocardial infarction, but they may also be present in patients without clinical or electrocardiographic evidence of previous necrosis. [1] [2] [3] [4] [5] In particular, asynergic areas which demonstrate normal or improved contractions resulting from interventions that increase the inotropic state of the myocardium or reduce its oxygen requirements, appear histologically to be composed predominantly of viable myocardium.' Furthermore, these segments frequently display improved performance after coronary artery revascularization.5 7-12
In patients without previous myocardial infarction, asynergy occurs more commonly in the distribution of the most severely stenosed coronary arteries.4' 13 However, coronary anatomy alone may be misleading in predicting ventricular dysfunction, since many regions supplied by apparently equally diseased vessels contract normally.4' 13 Myocardial perfusion scintigraphy is a recently developed and widely available technique which detects regions of relatively decreased perfusion. Regions with diminished radionuclide uptake at rest generally correspond to areas of prior myocardial infarction, while decreased segmental uptake appearing only during exercise is usually considered indicative of stress-induced ischemia.14-2'
The purpose of our study was to determine the extent to which coronary anatomy and myocardial perfusion, as assessed by thallium-201 scintigraphy during exercise and at rest, predict the presence of asynergy and its reversibility.
Methods

Patient Population and Patient Subgroups
The 54 patients included in this study were selected from a larger group of 79 consecutive patients who underwent both cardiac catheterization and myocardial perfusion scintigraphy for the evaluation of chest pain and who were subsequently shown to have significant coronary artery disease. Twenty-two patients were excluded because 1) they were studied after coronary bypass surgery, 2) they had accompanying significant valvular disease or 3) their left ventricular angiograms were technically inadequate for quantitation. The other three patients were excluded because they experienced chest pain or manifested ischemic electrocardiographic changes in the catheterization laboratory before ventriculography. The mean age of the patients was 53 years (range 34-71 years). Twelve were women and 42 were men. None of these patients had heart failure, but six had radiographic evidence of cardiomegaly. Patients underwent both scintigraphy and catheterization within a two-week period.
To clarify the relationship between myocardial perfusion and asynergy, the patients were divided into two subgroups based on the presence of previous myocardial infarction. Group 1 consisted of 27 patients without significant electrocardiographic Q waves, hospitalization for documented infarction or a history of prolonged chest pain suggestive of necrosis. Group 2 was composed of 27 patients with prior myocardial infarction. Eighteen group 2 patients had diagnostic Q waves, two had documented inferior wall infarction with subsequent disappearance of Q waves, five had confirmed nontransmural infarction and two gave a history of infarction without documentation.
Myocardial Perfusion Scintigraphy
Perfusion scintigraphy was performed according to the protocol we have previously described.22 In brief, 2 mCi of thallium-201 were injected through an indwelling intravenous infusion line at near maximal treadmill exercise, which was then continued for an additional 30-60 seconds. Exercise was discontinued only when patients experienced severe chest pain, dyspnea or fatigue. Thirty-seven of 54 patients achieved 85% of maximum predicted heart rate. The exercise ECG was positive (1 mm new horizontal or downsloping ST segment depression) in 32 patients, and only five patients had both negative tests and failed to achieve 85% of predicted heart rate. Immediately after recovery, scintigraphy was performed with either an Ohio Nuclear Series 120 or a Searle PhoGamma IV scintillation camera, using converging or linear collimation and a 20% window centered at approximately 75 kev. The initial image was taken in the anterior projection to 200,000 counts, and subsequent 450 left anterior oblique (LAO) and left lateral projections were taken to equal time. Scintigraphy was completed within 30 minutes after injection. Patients with abnormal stress images were restudied within one week at rest.
The unprocessed scintigrams were evaluated by two independent observers who were unaware of the patients' clinical status or angiographic findings. The readers agreed initially in their assessment of over 95% of regions and were able to reach a consensus in the remaining ones. Stress and rest scintigrams were initially assessed individually and were then compared. A region was considered to be scintigraphically abnormal when relatively decreased perfusion was present during exercise. Regional abnormalities during stress were further classified as unchanged, improved or abolished at rest.
Cardiac Catheterization
Left heart catheterization was performed by the Seldinger percutaneous technique in the postabsorptive state, after light medication with intramuscular diazepam or meperidine and promethazine hydrochoride. Biplane left ventriculography was performed in the 300 right anterior oblique (RAO) and 60°LAO projections, alternately exposing each projection at 60 frames/sec. The angiograms were obtained using diatrizoate meglumine 0.8 ml/kg up to a maximum dose of 60 ml, injected over 4 seconds through a #7 French pigtail catheter.
In five patients with asynergy, 0.4 mg sublingual nitroglycerin was administered 15 minutes after completion of the first ventriculogram. The left ventricular angiogram was then repeated 10-20 minutes later, when a decrease in left ventricular end-diastolic or arterial pressure was noted. During ventriculography, 17 additional patients had ventricular ectopic beats which were followed by compensatory pauses, at least one and one-half times the preceding sinus R-R interval and thus could be evaluated for postextrasystolic potentiation of asynergic segments."' 23
Outlines of the ventriculograms were traced at enddiastole and at the end of the following systole. The ventricular silhouette with the largest total area immediately before mitral valve closure was traced for end-diastole, and the frame with the smallest area before mitral valve opening was considered endsystole. The same beat was used to trace the RAO and LAO views. In both the initial and postnitroglycerin ventriculograms, only sinus beats which occurred within four contractions following contrast injection and which did not follow ectopic beats were drawn. The first sinus beat following a ventricular ectopic beat was traced to evaluate postectopic potentiation.
The coronary arteriograms were interpreted subjectively by two independent observers. Each coronary artery and its major branches was classified as not significantly obstructed, moderately narrowed (stenosis of 70-90% of the luminal diameter), or severely obstructed (> 90% stenosis).
Segmental Analysis of Scintigrams and Ventriculograms
As illustrated in figure 1, five regions of the left ventricle were defined on the perfusion scintigrams. The apex and the anterior and inferior walls were evaluated in the anterior and left lateral projections, and the interventricular septum and posterolateral wall were evaluated in the LAO projection.
Segmental wall motion in the left ventricular angiogram was analyzed by a segmental area ejection fraction method developed in our laboratory.24 The biplane ventricular outlines were divided into eight regions, as indicated in figure 1 . The long axes were drawn from the midpoint of the aortic valve plane to the apex in the RAO projection and from the aorticmitral valve junction to the apex in the LAO view. The long axis was trisected by two perpendicular short axes in the RAO projection, and the two resulting apical regions were then combined into a single area. In the LAO view, a perpendicular was drawn from the midpoint of the long axis to the posterolateral wall, thus dividing the ventricular silhouette into three areas. The area ejection fractions were determined by tracing the ventricular outlines on a digitizer on line to a programmed desk top calculator. By definition, this method does not require superimposition of systolic and diastolic silhouettes. Ten ventriculograms were analyzed independently by two observers, and the results were highly reproducible. Segmental area ejection fractions varied by less than 10%, and no region was found to be abnormal by one observer and normal by the second observer. A given segment was defined as having normal wall motion when its area ejection fraction was greater than the mean minus 1.75 SD (the 95% confidence level by the 1-tail t distribution) for that segment among a group of 17 normal subjects. An initially abnormal segment was considered improved post-nitroglycerin or post-ectopic beat only when its area ejection fraction both rose into the normal range and manifested an increase of at least 1 SD.
Correlation of Segmental Perfusion, Wall Motion and Coronary Anatomy
The regions of the perfusion scintigrams were compared with corresponding areas on ventriculograms, as indicated in figure 1. The anterior wall was compared to the ventriculographic areas 1 and 2, the apex to area 3, the inferior wall to areas 4 and 5, the posterolateral wall to areas 6 and 7, and the interventricular septum to area 8. If either of the two areas constituting a region was abnormal or subsequently improved postintervention, that region was then considered to be ventriculographically abnormal or improved.
As a best approximation, the left anterior descending coronary artery was considered to perfuse the POST LAO anterior wall, apex and interventricular septum. The right coronary artery, or a dominant left circumflex coronary artery, was considered to supply the inferior wall and the circumflex was considered to perfuse the posterolateral wall.
Statistical Analysis
The comparison of the association between coronary anatomy and wall motion with that between perfusion and wall motion was made employing McNemar's test for related samples.25 All other statistical analyses used contingency tables with the chi square statistic.
Results
Comparison of Patient Groups by Coronary Anatomy
Both the noninfarction and infarction groups had similar coronary arteriographic findings, each averaging 2.4 stenosed vessels per patient and each including similar proportions of patients with one-, two-and threevessel disease. The prior infarction group had a higher incidence of severe (> 90%) occlusions, 74% compared with 58% in group 1. The mean number of myocardial regions per patient supplied by normal, moderately stenosed, and severely stenosed vessels was 0.7, 1.7 and 2.6 in group 1 and 1.0, 1.0, and 3.0 in group 2, respectively. (table 1) There was a strong correlation between myocardial perfusion and segmental wall motion. Abbreviationsx: lx Imid = exercise-indluced albormality; Uncehg Abni ulncbhatgedlabnormiality.
Relationship of Myocardial Perfusion to Wall Motion
illustrate the exercise and rest perfusion images, together with the basal and intervention ventriculographic outlines in two patients. Although the first patient had no history of prior infarction and a normal resting ECG, he displayed extensive abnormalities of perfusion during exercise and corresponding areas of asynergy at rest. However, his perfusion abnormalities filled in at rest, and his ventriculogram displayed normal segmental wall motion following an ectopic beat.
The second patient had two prior myocardial infarcti-ons and Q waves in both the anterior and inferior leads. He also displayed marked abnormalities of exercise perfusion and segmental wall motion, but neither were reversible. improve at rest, were almost invariably asynergic (42 of 46). These were found predominantly (42 of 46) in the prior infarction patients, and generally corresponded to regions with pathologic Q waves. A significant proportion (over one-half in group 1 and about two-thirds in group 2) of the regions displaying exercise-induced scintigraphic defects were also asynergic. Q waves were not present on the ECG in the leads corresponding to these regions.
There was also close agreement concerning the reversibility of the perfusion and wall motion abnormalities in those patients who had intervention ventriculograms. Asynergy was reversible in 17 of 19 regions with exercise-induced scintigraphic defects, which normalized or improved at rest. In significant contrast (P < 0.001), asynergy was not reversible in any of the 21 regions with stress image abnormalities which did not improve.
Relationship of Coronary Anatomy to Myocardial Perfusion and Segmental Wall Motion (tables 2 and 3):
We examined coronary anatomy to ascertain whether the interrelationship between segmental perfusion and wall motion reflected predominantly the location and severity of underlying stenoses patient group, both the proportion of regions displaying perfusion abnormalities and the severity of these abnormalities grew with increasing degrees of coronary artery obstruction. Thus, perfusion defects were rare in the distribution of vessels without significant stenoses, occurring in only one of 18 and three of 29 such regions in the two patient groups. In contrast, 45 of 70 supplied by vessels with severe stenoses in group and 62 of 78 of those in group 2 patients displayed abnormal scintigraphic perfusion; and 31% and 78% of these, respectively, did not improve at rest. Nonetheless, a significant number of segments supplied by vessels with > 70% stenoses, 62 of 117 in group and 35 of 106 in group 2, displayed normal relative myocardial perfusion.
As would be expected, 52 of 56 scintigraphic defects in the noninfarction group completely or partially filled in at rest, while only 32 or 74 of those in the infarction group did so (P < 0.001). Thirty-six of 45 regions with corresponding Q waves manifested fixed perfusion defects, while Q waves were present in only six of 30 regions with exercise-induced defects and three of 63 with normal perfusion (P < 0.001).
The prevalence of asynergy also increased with the severity of coronary artery stenosis. Asynergy was present in only five of a total of 47 segments supplied by normal or insignificantly stenosed vessels, while abnormal wall motion was present in 30 of 70 regions perfused by vessels with greater than 90% narrowing in group patients and in 55 of 78 such regions in group 2 patients (P < 0.001). More noteworthy, perhaps, was the finding of asynergy on the resting ventriculogram in nearly one-third (35 of 117) of the jeopardized regions in patients with no historical or electrocardiographic evidence of previous myocardial infarction. But, since most regions perfused by moderately stenosed vessels in both patient groups displayed normal function, the majority (82 of 117) of the jeopardized regions in group 1 patients and many (41 of 106) of those in group 2 contracted normally.
Among patients with intervention ventriculograms, the reversibility of the asynergy was clearly more closely related to the lack of a previous infarction than to the severity of the stenosis. Wall motion of all 16 asynergic regions in group 1, as opposed to only five of 29 in group 2 patients, normalized post-nitroglycerin or post-ectopic beat (P < 0.001). Q waves were pres-ent in 22 asynergic regions in which postintervention assessment could be made, and in 21 of these, the asynergy was not reversible. (table 4) Although there was an obvious association between coronary anatomy and segmental wall motion, many segments perfused by moderately or even severely obstructed vessels contracted normally. As shown in table 4, myocardial perfusion, as assessed by exercise thallium-201 scintigraphy, was a significantly better predictor of asynergy than coronary anatomy alone (P < 0.001).
Comparison of Myocardial Perfusion and Coronary Anatomy as Predictors of Asynergy
Discussion
Experimental studies have shown that a reduction of coronary blood flow resulting from transient occlusion or progressive constriction of a coronary artery results in segmental dysfunction of the subserved myocardium. 25 29 The studies of Gould and coworkers have shown that such a reduction of coronary blood flow is not present at rest until the severity of stenosis exceeds 85%, but under conditions of diminished distal coronary resistance, lesser obstructions will significantly impair blood flow.30 Restoration of normal blood flow after transient periods of ischemia is associated with eventual return to normal function.3'
In man, segmental abnormalities of ventricular contraction have been recognized as a characteristic of coronary artery disease since the advent of ventriculography. [1] [2] [3] [4] Such asynergy has been most frequently noted in regions of previous myocardial infarction. Asynergy has also been observed in patients without evidence of infarction and in regions without corresponding electrocardiographic or pathologic findings of necrosis.1-6 In particular, regional wall motion disorders, which normalize following interventions that improve contractility or reduce the imbalance between myocardial oxygen supply and demand, have been thought to be more likely due to ischemia than to scar.6' 10-13, 23, 32 Studies by Helfant and coworkers have shown that fibrosis is less extensive or absent in regions with reversible asynergy.6 Measurements of regional myocardial blood flow, however, have not demonstrated decreased perfusion in patients without infarction; thus, no direct evidence for resting ischemia is available.33 36
Relationship of Coronary Anatomy to Segmental Wall Motion and Perfusion
Our findings on the relationship between coronary anatomy and segmental wall motion are similar to those reported by others. Asynergic regions were more common in the distribution of severely stenosed vessels13 and were present most frequently in patients with prior infarction.1-' In addition, asynergy was present in 15 of the 27 patients without evidence of previous infarction and was found in nearly one-third (35 of 117) of the regions perfused by stenosed vessels in these patients. Asynergy was always reversible in the noninfarction patients, but only infrequently in our group 2 patients. Unlike Helfant et al., we did not find the reversibility of asynergy to be related to the severity of coronary stenosis per se.13
Thallium-201 myocardial perfusion scintigraphy is an accurate measure of myocardial perfusion in experimental preparations.17 Clinically, it is a reliable method for detecting regions of infarction (diminished uptake at rest) and exercise-induced ischemia (diminished uptake during exercise). The presence of normal scintigrams in seven of 54 patients with significant coronary artery disease in this study is comparable to other reports. 14-16, [18] [19] [20] [21] [22] Regions supplied by severely narrowed (> 90%) vessels were more likely to display reduced perfusion than those supplied by less diseased arteries (70-90% stenosis). Overall, 58% of segments supplied by significantly stenosed vessels demonstrated decreased perfusion.
Relationship of Myocardial Perfusion to Regional Wall Motion
The principal objective of the present study was to examine the relationship between myocardial perfusion and asynergy. Our findings are consistent with experimental studies which have shown that segmental dysfunction increases with decreasing coronary blood flow. 28, 29 In both patient groups, asynergy occurred predominantly in abnormally perfused regions. In the infarction group, the incidence of asynergy increased and the likelihood of its reversibility decreased as the rest scintigrams became more abnormal. Previous studies have noted the correlation between regions manifesting abnormal relative myocardial perfusion at rest and asynergy.23' 3 38
Myocardial perfusion, as assessed by exercise and rest thallium-201 scintigrams, correlated significantly better with segmental wall motion than did coronary anatomy; 123 of 223 (55%) regions supplied by significantly narrowed vessels contracted normally, compared with only 40 of 130 (3 1%) regions with exercise perfusion abnormalities (P < 0.01). This closer agreement of perfusion with the status of segmental contraction is probably in part explained by inaccuracies in the subjective grading of stenoses.39 4' In addition, perfusion scintigraphy is a physiologic indicator of blood flow and thus reflects the variability of regional blood supply, as well as collateral circulation.
The findings in patients with intervention ventriculograms suggest that the relationship between regional myocardial perfusion and function has even greater clinical importance. With only two of 19 exceptions, initially abnormal regions which displayed normal or improved perfusion at rest, also contracted normally postintervention. Conversely, no asynergic region without improved perfusion at rest normalized postintervention. Similar findings have also been reported by others in preliminary form. 42 43 In patients with previous infarction, the presence of myocardial regions which displayed both abnormal perfusion and wall motion was expected. Many manifested perfusion defects, both at rest and during exercise, electrocardiographic Q waves, and little change in function postintervention. A few, however, predominantly in patients with nontransmural or poorly documented infarctions and those in whom Q waves had disappeared, displayed both perfusion abnormalities which improved at rest and reversible asynergy. Presumably, such areas have only subendocardial or patchy fibrosis or are adjacent to regions of transmural infarction.
The underlying pathology in the patients with asynergy but no prior infarction is less clear for this reason, they were considered separately. Their ECGs were often entirely normal. In these patients, both perfusion and wall motion abnormalities were reversible. It is conceivable that some of these regions might be partially fibrotic due to silent infarction, but previous studies have indicated that some asynergic segments have both appeared normal at the time of surgery and have been free of significant fibrosis on pathologic examination.6' 4' It seems likely, at least in the noninfarction group, that regional contraction disorders occur secondary to ischemia. While these, for the most part, are in the distribution of severely (> 90%) stenosed coronary arteries, they also occur predominantly in the subset of those jeopardized regions which also manifest abnormal perfusion during exercise. Several studies have now documented improved regional wall motion in some patients after coronary artery revascularization.5 8, 22 Our findings suggest that asynergic segments with corresponding exercise-induced perfusion defects are those most likely to improve. Indeed, our preliminary studies have indicated that changes in regional perfusion postbypass surgery correlate well with changes in segmental wall motion." One point requiring further discussion is the correlation between asynergy at rest and perfusion abnormalities during exercise. If resting asynergy reflects ischemia, as hypothesized, then one might ask why myocardial perfusion at rest appears normal. Although in some patients the stress of catheterization may have provoked symptomatically or electrocardiographically silent ischemia, a more likely explanation is the relative insensitivity of thallium-201 scintigraphy as a measure of perfusion. Experimental studies have demonstrated that regional function is depressed with as little as a 25% reduction in blood flow. 28, 29 In contrast, a recent study has suggested that nearly a twofold ratio of normal to reduced regional flow is required before abnormal perfusion is apparent.45 Such imbalances in coronary blood flow do not often occur at rest in patients with stable angina, in the absence of previous infarction, even when severe obstructive disease is present.33 36 A few studies have noted scintigraphic abnormalities at rest in patients with coronary artery spasm and unstable angina,4648 but in these conditions myocardial perfusion may be more severely compromised. During exercise and other hyperemic states, variations in regional blood flow are exaggerated.30 49 Thus, one might speculate that regions with exercise-induced perfusion abnormalities are those most likely also to have reduced perfusion at rest, although the latter may not be detectable by thallium-201 scintigraphy. Another possible explanation for resting asynergy without underlying fibrosis is that dysfunction may persist after repeated transient periods of ischemia. Animal studies have demonstrated such a delay in functional recovery following brief coronary occlusions.50
Limitations of Methodology
Several methodologic limitations of the present study should be mentioned. The interpretation of coronary arteriograms is subject to both considerable interobserver variability39 and to occasional significant error when compared to postmortem studies. 40 41 In addition, the distribution of the coronary vasculature assumed for the comparison with regional perfusion and wall motion, while generally valid, is only an approximation.
The interpretation of thallium-201 scintigrams is also quite subjective. However, in the present study the two blinded readers agreed initially in approximately 95% of all segments. Thallium-201 scintigraphy is a relative, rather than an absolute, technique. Thus, regions with impaired perfusion might appear scintigraphically normal relative to other regions with more severely compromised blood flow. Experimental studies have also indicated that small (< 5 g) areas of abnormal perfusion are probably beyond the present resolution of this technique. 51 Regional wall motion analysis is fraught with methodologic difficulties and depends on unproven assumptions concerning the geometry of left ventricular contraction. The area ejection fraction method used in this study, however, does not depend on changes in shortening of a small number of arbitrarily placed cords. In addition, the variance for each region in a group of normal subjects was small, permitting strict (95%) confidence limits. This area ejection fraction method proved to be the most sensitive for detecting abnormal segmental wall motion in our preliminary study.24 The ventriculograms were not performed in precisely the same projections as the scintigrams, since adequate resolution is not possible in RAO thallium-201 scintigrams because of tissue attenuation. Nonetheless, the regions evaluated by the two studies are closely contiguous and represent the distribution of the same coronary arteries.
Conclusions
In this study we investigated the relationship between coronary artery anatomy, regional myocardial perfusion and segmental wall motion. Our results indicate: 1) Abnormal perfusion and function are both more prevalent in the distribution of severely obstructed vessels, but they are frequently not present in other regions supplied by similarly diseased arteries; 2) myocardial perfusion correlates more closely than coronary anatomy with segmental wall motion; 3) resting asynergy in patients without prior myocardial infarction is not uncommon and occurs almost exclusively in regions with jeopardized perfusion, as indicated by exercise-induced perfusion abnormalities; 4) asynergy, when present in regions with stress-induced abnormalities of perfusion, is usually reversible on intervention ventriculography and potentially so by myocardial revascularization.
Thus, our findings suggest that a relationship between myocardial perfusion and function, similar to that demonstrated in experimental models, also exists in man and thus provides a better understanding of the existence of asynergy in some regions with jeopardized blood flow.
3. Baxley WA, Reeves TJ: Abnormal regional myocardial performance in coronary artery disease. Parmley WW: Detection of left ventricular regional wall motion abnormalities: comparison of area, chord and radial methods. (abstr) Am J Cardiol 41: 414, 1978 SINCE MYOCARDIAL INFARCTION is a retrospective diagnosis, anginal pain that may precede myocardial infarction is unpredictable and difficult to classify. Depending on criteria for definition, the syndromes of unstable angina probably have varying prognoses. The National Cooperative Study Group' has created a homogeneous category for definition purposes and undertaken a randomized prospective study of medical and surgical treatment. Their protocol required a period of stabilization and observation to rule out infarction. Until recently, our therapeutic approach to unstable angina included immediate operation whenever the angiograms were completed, i.e., to dispense with the traditional "cooling ofi" period.
Our protocol for surgical treatment of unstable angina has been relatively uniform over the past five years. Patients who were thought to have unstable angina were admitted to the coronary care unit, treated with sedation and nitrates, and if severe coronary atherosclerosis was documented by arteriography, the patient was offered emergency revascularization. The interval from admission to operation was brief in most instances, and the objective was to provide expeditious emergency revascularization. In this analysis, we selected consecutive patients who met the criteria of the National Cooperative Study,' except that we included patients with severe left main coronary disease. The results reported here represent our initial approach to the surgical treatment of unstable angina.
Clinical Material
One hundred consecutive patients who underwent emergency revascularization for unstable angina between December 1970 and January 1976 were reviewed retrospectively. Excluded from this report are patients with unstable angina who became stable during an initial period of observation and had elective surgery later and patients who had previous graft surgery.
Criteria used to define the study group were: 1) episodes of angina at rest, either of new onset or a changing pattern, more frequent, more severe, more prolonged, or occurring at rest, and which was
